Clostridium difficile infection (CDI) represents one of the most common healthcare-associated infections. Due to increasing numbers of recurrences and therapy failures, CDI has become a major disease burden. Studies have shown that fecal microbiota transplantation (FMT) can both be a safe and highly efficacious therapy for patients with therapy-refractory CDI. However, patients undergoing solid organ transplantation are at high risk for CDI due to long-term immunosuppression, previous antibiotic therapy, and proton pump inhibitor use. Additionally, these patients may be especially prone to adverse events related to FMT. Here, we report a successful FMT in a patient with severe therapy-refractory CDI after liver transplantation.
Introduction
Over the last decade, there has been an alarming increase in the incidence of pseudomembranous colitis caused by Clostridium difficile infection (CDI), making C. difficile (CD) the most common cause of nosocomial diarrhea, associated with increases in mortality and economic costs [1] . Up to 35% of patients suffer from recurrent infections after initial CDI treatment due to persistence of spores or reinfection [2] . Standard antibiotic treatment not only targets pathogenic CD but also perpetuates the risk for reinfection by further reducing the diversity of intestinal microbiota [3] . Accordingly, after the first 2 or 3 recurrences, 65% of the patients face multiple recurrences [4] [5] [6] [7] .
Solid organ transplantation (SOT) patients have a particularly high risk of CDI, for various reasons: immunosuppressive agents attenuate immune surveillance, enabling bacterial pathogens, such as CD, to evade natural immunity and facilitate bacterial infection. Most notably, the associated frequent need for antibiotic treatment per se represents the highest risk factor for CDI [8] . Not only antibiotics but also proton pump inhibitors significantly raise the likelihood of bacterial infection [9] . Altogether, antibiotic treatment, immunosuppression, and proton pump inhibitors disturb the intricate homeostasis between the host's mucosal immune system and intestinal microbiota promoting overexpansion of CD and overall disease development. It is, therefore, plausible that restoring the physiological microbiota composition and fine immunological orchestration in the gut by fecal microbiota transplantation (FMT) may be particularly critical for transplant patients.
The first reports of FMT date back as early as 1958 [10] ; since then, there have been numerous reports, case series, and the clinical landmark trial by Van Nood et al. [11] demonstrating that FMT is both highly efficacious and safe. Although immunocompromised transplant patients bear a particularly high risk of developing CDI, international guidelines lack clear recommendations regarding FMT in SOT recipients due to the potential risk of adverse events [12] . A recent retrospective analysis has demonstrated the safety and efficacy of FMT in a cohort of immunocompromised patients [13] . However, at present, clinical experience with FMT in solid organ recipients and high-risk settings is still limited. Here, we report a case of successful FMT in a liver transplant patient with severe CDI complicated by acute kidney injury (AKI).
Clinical Case Report
A 47-year-old Caucasian female received allogeneic liver transplantation at our transplantation center in March 2016 due to decompensated alcoholic liver cirrhosis (Child class C). The early postoperative course was unremarkable for any critical incidents. In May 2016, the patient first presented at our hospital with abdominal cramping and diarrhea up to 7 times per day. At this time, the patient suffered from the diagnosis of CD colitis for the first time, resulting in an antibiotic treatment with oral metronidazole 500 mg t.i.d. for 10 days. A second episode of CDI followed in June 2016, and she was started on oral vancomycin 125 mg q.i.d. Due to therapeutic failure, the treatment regimen was switched to a combination therapy consisting of fidaxomicin and metronidazole, leading to clinical remission. The following clinical course was complicated by acute transplant rejection in September 2016 under chronic immunosuppressive therapy with tacrolimus. Therefore, oral steroids were added and tapered carefully. At this time, the patient additionally developed a nosocomial pneumonia which was treated with tazobactam/piperacillin. In October 2016, the patient again presented with severe abdominal distension, ascites, pain, and diarrhea up to 10 times per day. Meanwhile, she had developed life-threatening cachexia and a severely reduced general state of health. Upon admission, her body mass index was 12.5, and her laboratory tests showed severe leukocytosis (32.7/nL) and AKI (creatinine 2.67 mg/dL, urea 227 mg/dL) ( Fig. 1 ). Due to her history of recurrent and refractory CDI, we suspected a severe course of CDI (see online suppl. Table 2 ; for all online suppl. material, see www.karger.com/doi/10.1159/000481937), which was characterized by leukocytosis as depicted in Figure 1 . Based on ultrasound findings (Fig. 2) of an increased wall thickness (5 mm) and hyperemia of the wall of the sigmoid colon, the patient was empirically started on oral vancomycin 250 mg q.i.d. A stool sample tested positive for hypertoxinproducing CD species. As symptoms did not resolve after vancomycin treatment, we evaluated her for FMT. After discussing potential risks and benefits of FMT and informed consent to FMT, the patient's brother was chosen as donor and a disease screen was performed according to our FMT standard operating procedures.
Flexible sigmoidoscopy on day 5 of admission showed severe colitis with confluent pseudomembranes covering the entire mucosa, friability of the mucosa with bleeding upon contact, and extensive edema ( Fig. 3 ). In line with this, the microscopic architecture of the colonic mucosa was disrupted and displayed severe inflammatory cell infiltration and complete loss of colonic crypts as well as goblet cells (Fig. 3) . A stool sample was obtained during sigmoidoscopy to analyze the microbiota composition using 16s rRNA gene sequencing. We first analyzed alpha diversity (as measured by observed species, Shannon index), which revealed extremely low complexity of microbiota (Fig. 4 ). The microbiota community was characterized by untypically high abundances of the families Alcaligenaceae, Enterobacteriaceae, Enterococcaceae, and Veillonellaceae, which are all associated with dysbiosis in the intestine and contain members with pathogenic potential (Fig. 4 ). Due to the risk of perforation, we abstained from performing a higher sigmoidoscopy and decided to perform FMT in the higher rectum. Twenty-four hours after FMT, the patient reported a marked improvement of clinical symptoms with reduced abdominal cramps and decreased stool frequency ( Fig. 1 ). This clinical improvement was reflected in reduced white blood cell count and improved kidney function ( Fig. 1 ).
Due to the high degree of mucosal injury, the encouraging treatment response, and a slight increase in stool frequency on day 10, we decided to perform a second FMT via oral capsules 6 days after endoscopic intervention. At day 16, the patient showed an almost complete remission correlating with normalized white blood cell count and blood urea (Fig. 1) . A control colonoscopy showed a healthy mucosa with only very few residual pseudomembranes ( Fig. 3 ). At this time, we could observe a marked increase in microbial diversity; however, alpha diversity did not reach the levels of the donor community ( Fig. 4) . We detected increased abundances of bacteria associated with a healthy microbiome (orders Bacteroidales and Clostridiales), remaining elevated levels of Enterobacteriaceae and Enterococcaceae, but disappearance of Veillonellaceae (Fig. 4) . The patient did not complain about further diarrhea and was discharged from our hospital in a substantially improved general state of health. In an outpatient follow-up 8 weeks after FMT, body weight had already increased by 25% ( Fig. 5 ).
Discussion and Implications
Our case report shows that FMT can represent both a safe and efficacious therapy for severe complicated CDI even in an acutely ill patient who underwent SOT. During the last decade, the introduction of FMT into clinical practice through systematic evaluation in randomized trials opened up a new therapeutic avenue for patients suffering from refractory CDI. Widespread use of broad-spectrum antibiotics decreases microbiome species diversity and, thus, renders the patients' intestinal microbiota susceptible to overgrowth with pathogenic CD [14, 15] . Upon admission, our patient presented markedly reduced microbiota diversity with high abundance of potentially pathogenic bacteria. Although our standard antibiotic regimens have proven to be highly effective in most cases of CDI, there is an alarming increase in infections refractory to standard therapy [16] . In part, this can be attributed to new highly virulent strains of CD. On the other hand, recurrent antibiotic treatment and immunosuppression after liver transplantation promote intestinal dysbiosis, which increases the risk for CDI [14] . Our patient already underwent multiple courses of antibiotic treatment and presented in a highly compromised general state of health infected with a highly virulent strain of CD.
Today, a huge body of evidence underscores the safety and efficacy of restoring intestinal microbiota composition by FMT. SOT patients per se are more susceptible to CDI due to recurrent phases of hospitalization and use of immunosuppressive agents. While the general prevalence of CDI among hospitalized patients is reported to be 0.9% [17] , overall solid organ recipients' risk for CDI is 7.4%; in case of liver transplant, it is even higher (9.1%) [18] . Moreover, CDI is independently associated with higher mortality (adjusted odds ratio 2.48) and complications of the transplanted organ (adjusted odds ratio 1.36), identifying CDI as a feared complication after SOT [19] . Beside the commonly used immunosuppressive agents, especially the initiation of steroids, as described in our case, represents a serious risk factor for CDI as it triples the risk for infection [20] . Combined immunosuppression after SOT both dampens the adaptive and innate immune response, leading to mitigated neutrophil recruitment upon infection and reduced assembly of humeral IgG antibodies against toxin A and B, which has been linked to CDI recurrences [21, 22] .
As our patient suffered from recurrent CDI, we first decided to max out the different regimens of antibiotic treatment for recurrent severe CDI, including vancomycin and fidaxomicin. The latter represents an alternative for the treatment of recurrent CDI, showing comparable cure rates to vancomycin with significantly fewer patients experiencing recurrence [23, 24] . However, only 4 weeks after treatment with fidaxomicin, the patient was rehospitalized with another course of CDI worsened by AKI and beginning symptoms of sepsis, which could, therefore, be classified as a complicated CDI. As antibiotics themselves may increase the risk of recurrence by reducing microbiota species diversity and causing intestinal dysbiosis, European guidelines strongly recommend FMT for treating multiple recurrences of CDI [25] .
However, next to the desired therapeutic effects of FMT, we had to face the risk of potential adverse events, which warrant careful consideration. This was especially valid for the high-risk setting we were confronted with here: severe therapy-refractory CDI in a SOT patient, which was complicated by AKI. Infusing microbiota during colonoscopy can prompt life-threatening complications, such as systemic infection due to bacterial translocation [26] . In line, there are recommendations against FMT in such settings, and clear guidelines are still missing [27] . A recent retrospective study analyzed the role of FMT for the treatment of CDI in immunocompromised patients. Data from 99 patients were included, showing a cure rate of 78% after single FMT and of 89% after repeated FMT [28] . In summary, the authors could not detect any adverse events that were related to FMT [13] .
However, beside immunosuppression, our patient was also in a severely compromised general state of health and already developed second organ failure. Today, there are still limited data about potential risks of FMT in acutely ill patients with significant comorbidities as those patients have been excluded from initial trials [2, 11] . It is clear that the procedure is not without risk and the indication should be evaluated carefully. As our patient suffered from an exceptionally severe form of CDI, we decided to abstain from performing a higher sigmoidoscopy and applied microbiota transfer in the rectum. Our patient recovered from clinical symptoms already after the first FMT. As especially acutely ill patients might not show sustained improvement of clinical symptoms after a first FMT [29] , we decided to ensure long-term recovery of the patient by performing a second FMT. A therapeutic approach with sequential FMT and combination with antibiotics for severe forms of CDI is described in different case reports as well as a retrospective study [29, 30] . After sequential FMT, our patient showed long-term remission of CDI up to several months until now. The remarkably fast remission of clinical symptoms, decrease of leukocytosis, and recovery from AKI was followed by a body weight gain of 25% in the next 8 months, leading to marked improvements of general agility and mental health. Our case suggests that a protocol consisting of a first FMT followed by a consolidation therapy with FMT via oral capsule might be an efficacious FMT protocol for patients with severe therapy-refractory CDI.
In conclusion, our case exemplifies that even in a high-risk situation of acute illness FMT can be both a highly efficacious and safe treatment for severe complicated CDI. Further randomized controlled trials or matched case-control series would help to systematically evaluate FMT protocols in this vulnerable subgroup of patients that vitally requires an effective treatment for life-threatening CDI.
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